INTRODUCTION
If the Vinland Map ( Figure 1 ) is authentic, it is the first known cartographic representation of North America and its date is important in establishing the history of European knowledge of the lands bordering the western North Atlantic. It also raises the deeper question of Columbus's own possible awareness of that earlier knowledge (Washburn 1995) . The map's account of the Norse voyage of discovery also differs significantly from that of the sagas (Magnusson and Palsson 1965) in that Bjarni and Leif are said to have voyaged together rather than separately.
These questions point out the significance of scientific evidence in this case. They are questions of historical consequence. In undertaking the measurement of the radiocarbon content of the parchment, we were aware that dates from the 16th century onward would suggest the map to be a forgery. A 15th century date would be less conclusive, but would constitute a major contribution to the known facts concerning the authenticity of the map. Obviously, a 15th century date per se neither refutes nor proves authenticity, but is necessary for authenticity.
In 1972, Yale commissioned microscopist Walter McCrone to examine minute samples of ink from the Vinland Map. McCrone reported (1974, 1988 ) that the ink contained very substantial quantities of titanium dioxide in the anatase crystalline modification. Because precipitated anatase only became commercially available about 1920, its presence in the ink satisfied McCrone that the map must be a 20th century forgery. Yale announced in 1974 that the map "may be a forgery".
Two very different rebuttals have been made to McCrone. First, Cahill et al. (1987) at the University of California in Davis published in-situ analyses of the map ink at 159 locations by PIXE (proton induced x-ray emission). They demonstrated that titanium is only present at trace levels-orders of magnitude smaller than McCrone's estimates but very much in line with the levels found in numerous other medieval inks tested (Cahill et al. 1987 
